SUMMARY. The third terrestrial occurrence of hibonite is reported from granulite-facies rocks in the Furua Granulite Complex in southern Tanzania. The mineral forms yellowish-brown lath-shaped crystals in a grossular-anorthite rock containing subordinate sphene (clino)zoisite, hercynite, apatite, ilmenite, and corundumilmenite intergrowths.
SUMMARY. The third terrestrial occurrence of hibonite is reported from granulite-facies rocks in the Furua Granulite Complex in southern Tanzania. The mineral forms yellowish-brown lath-shaped crystals in a grossular-anorthite rock containing subordinate sphene (clino)zoisite, hercynite, apatite, ilmenite, and corundumilmenite intergrowths.
Electron-microprobe analyses indicate a generalized formula (Cal_ xRE~) [(Al, Fe3+)12_ 2~+ x(Ti, Si) Three compositional types of (clino)zoisite are distinguished: 1.8-3.I wt 700 Fe203 (orthorhombic and monoclinic), 3.9-6.0 wt % FezO3 (monoclinic), and 5.8-7.9 wt 9/o Fe203 with an average of 6. 3 wt % RE203 (monoclinic).
Thermometric and barometric data for coexisting pyroxenes and garnet from adjacent rocks indicate granulite-facies equilibration conditions of 75o to 85o ~ and 6 to I I kb. During retrogression with increasing partial H20 pressures, hibonite reacted with plagioclase and garnet to form spinel, sphene, and RE-bearing clinozoisite. Corundum-ilmenite intergrowths probably resulted from the breakdown of an Fe-h6gbomite.
THE rare mineral hibonite, with the theoretical composition of CaO'6AI203, is well known from Ca-Al-rich inclusions in carbonaceous chondritic meteorites (Keil and Fuchs, I971; Blander and Fuchs, I975; Macdougall, i979; Smith, i979) . In the Allende and Leoville meteorites, for instance, hibonite occurs in association with anorthite, perovskite, gehlenite, spinel, wollastonite, andradite, and fassaite. Textural, thermodynamic, and isotopic anomaly data suggest that hibonite in meteorites may be regarded, at least in several cases, as an early high-temperature condensate from a primitive solar nebula (Shimizu et al., I978; Smith, x979; Lorin, pets. comm.) .
The presence of hibonite in terrestrial rocks, (264, 265, 275, 276, 277 ) which were mapped in the early i97os by two Amsterdam petrology departments in co-operation with the Mineral Resources Division of the Ministry of Commerce and Industry of Tanzania. The complex is situated south-west of Mahenge in the northern parts of QDS 264 and 265, and in the adjacent areas of QDS 250 and 25I. Hibonite was discovered in a calc-silicate rock in the course of a detailed geochemical and petrological investigation of the granulites (Coolen, I98O ) .
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Geological setting. The Furua Granulite Complex is a part of the Upper Proterozoic Mozambique mobile belt, which extends along the eastern side of the African continent. A detailed description of this belt is given, among others, by Kr6ner (i 977, i979) . The southern part of the Mozambique belt mainly consists of intermediate-to high-grade metamorphic rocks. The presence of large domains of granulite-facies metamorphics is characteristic. In Tanzania these granulites form a discontinuous, roughly north-south trending zone in the central part of the Mozambique belt. Hepworth (i972) refers to these rocks as the 'Eastern Granulites'. The granulites and the surrounding amphibolitefacies rocks belong to the Usagaran System, a succession of predominantly metasedimentary rocks (Quennel et al., i956 ) . Structural and radiometric age relationships between the granulites and the surrounding rocks are not yet fully understood (Hepworth, i972 ) . The age of the Usagaran gneisses from central and south-western Tanzania is in the range of I75o to i9oo Ma (Wendt et al., I972; Priem et al., 1979) . In eastern direction the gneisses were progressively rejuvenated by the influence of the Pan-African thermotectonic episode, resulting in ages around 5oo to 6oo Ma.
A banded Usagaran gneiss from a locality Io km south-west of the boundary with the Furua Granulite Complex gives an internal Rb/Sr isochron age of 589___7 ~ Ma (Priem et al., I979) . No radiometric data are as yet available for the Furua granulites. Rb/Sr ages of comparable 'Eastern Granulites' from the northern part of Tanzania are in the range of 73o to 93 ~ Ma (Spooner et al., I97o ) . The Furua Granulite Complex consists of high-grade polymetamorphic rocks with a wide compositional range. Banded hornblendepyroxene granulites, generally garnet-and scapolite-bearing, predominate (Coolen, I98o) . The mineral parageneses are indicative of the hornblende-orthopyroxene-plagioclase and the hornblende-clinopyroxene-almandine granulite subfacies. On the basis of two-pyroxene-garnet compositional data temperatures of 75o to 85o ~ and load pressures of 6 to I I kb are inferred for the physical conditions during the main phase of granulite-facies metamorphism. Retrograde metamorphism of the granulites is a common feature, though generally restricted to well-defined zones. The boundary between the Furua Granulite Complex and the adjacent region of acid gneisses is formed mainly by a major fault.
Occurrence. Hibonite occurs in a calc-silicate rock from a unit of granulites and gneisses in the central part of the complex. This unit forms a 1.5-km-wide zone along the western offshoots of Ligamba hill and consists of a banded series of graphite-bearing leuco-to mesocratic biotitegarnet gneisses, clinopyroxene-garnet granulites, quartzites, and subordinate amounts of twopyroxene granulites. The hibonite-bearing calcsilicate rock occurs in the central part of this presumably sedimentary series. The location coordinates of the sample (collection number C-76) are 9 ~ 02' 4 ~ S and 36~ 24' 40" E. Loose blocks of calc-silicate rock, up to several decimeters in size, occur in a small, at least Io m wide, zone of a badly exposed river section. The rock is medium-grained, non-foliated, and brown-grey in colour.
Petrography and mineralogy. Anorthite (An99.4 Abo.5Oro. 0 and grossular (Gr74.6Andr2.6Alm21.8 Spesso.4Pyro.6, with I.O wt ~o TiO2) form about 9 ~ vol. ~o of the hibonite-bearing calc-silicate rock. The unzoned, polysynthetically twinned plagioclase and the homogeneous garnet are mediumgrained, forming a granoblastic texture. Sphene, zoisite, and clinozoisite are the principal minor constituents. Sphene (with about 3 wt ~o A1203 in a semiquantitative analysis) is present as finegrained anhedral subangular grains. Three compositional types of (clino) zoisites, low-Fe, intermediate-Fe, and high-Fe types, have been distinguished on the basis of microprobe analyses (Table I) .
The low-Fe type is represented by mediumgrained anhedral, sometimes poikilitic zoisite, and by subhedral prismatic zoisite and clinozoisite. The poikilitic zoisite seems to have formed at the expense of plagioclase and/or garnet. Zoisite shows anomalous bluish and brownish interference colours, a strong dispersion r ~ v, aVe, (measured) of about 3 ~176 in red light and 4 ~176 in blue light, OAP//(IOO) with deviations up to 2o ~ (confirming the findings of Ackermand and Raase, I973) , and usually a positive elongation in prismatic sections. X-ray diffraction patterns of eleven individual grains of low-Fe type (clino)zoisites have been determined. The patterns of five poikilitic grains and four prismatic grains reveal an orthorhombic symmetry whereas the patterns of two prismatic grains reveal a monoclinic symmetry.
The intermediate-Fe type clinozoisite, present as reaction rims between garnet and plagioclase and as fine-grained subhedral prisms, always shows bluish interference colours, parallel extinction, and a negative elongation. A monoclinic symmetry is attributed to this type because it is believed that Fe-contents of that order cannot be incorporated in an orthorhombic unit cell.
The fig. I ). It is also present as small inclusions in garnet. The intergrowths of corundum and ilmenite were probably formed by way of a breakdown of a formerly homogeneous Fe-Ti-Al-oxide phase, which most likely was Fe-h6gbomite. Compositions of h6gbomite with Fe/(Fe + Mg) higher than o.7 are unknown in nature. Moore (I970 suggested that Fe-h6gbomite is stable only at elevated PT-conditions, and that dissociation to corundum and ilmenite will take place at lower temperatures and pressures. An origin of the intergrowths by alteration of hibonite is considered unlikely because the hibonite crystals in the sample show no evidence of such a process. The volumetric ratio ilmenite/corundum in the intergrowths is about o.25, which is in agreement with the calculated compositional parameters of Fe-h6gbomite.
Hibonite occurs as laths and stringers, with an average length and width of o.5 and o.o 5 mm respectively, often included in a subparallel alignment in garnet ( fig. 2) . The mineral is apparently unstable in a (clino)zoisite environment, in which it reacts to form spinel, RE-bearing clinozoisite, and sphene. X-ray emission distribution pictures ( fig. 3a-d) demonstrate this relationship. The hibonite grains occasionally show rims of green spinel. In thin section hibonite has a yellowishbrown colour, which decreases in intensity with rising RE contents, as revealed in a zoned basal (09) to grey (e) whereas Letuvninkas 0970 notes a pleochroism from brownish yellow (~0) to yellow (e). The hexagonal mineral is uniaxialty negative, and shows a positive elongation and a perfect basal cleavage in prismatic sections. Cathodoluminescence in red and blue colours, described from the Allende and Leoville hibonite, has not been noticed under 3 ~ kV and IOO nA electron-beam conditions. Mineral chemistry. Electron-microprobe analyses were performed with Cambridge Instruments Geoscan (with a LINK energy-dispersive system) and Microscan 9. All microprobe data presented in this paper were obtained with the wavelength-dispersive method. Natural compounds and Synthetic REbearing glasses were used as standards. The analytical conditions were chosen so as to obtain counting statistics with 2a values of about ~ ~ for the major elements. Apparent concentrations were ZAF-corrected with the Springer (I967) program modified by Kieft and Maaskant (I969) , and with the Microscan 9 on-line ZAF program.
The average data for plagioclase, garnet, and spinel are mentioned already in the description of the minerals. Table I shows the analyses of zoisite and clinozoisite. The existence of a compositional gap between the low-Fe type and the intermediateFe type is evident. The position and width of this gap are in agreement with the data of Ackermand and Raase (I973), who did not measure compositions between 2.6 and 4.2 wt ~o Fe2Oa-This compositional gap apparently does not correspond with a distinct change in crystal structure because optical deviations from the orthorhombic symmetry were observed, and two grains of the low-Fe type gave X-ray powder diffraction patterns with monoclinic symmetry. Optical and chemical data for the orthorhombic low-Fe type match those given by Myer (I966) for ferrian zoisite, and by Trrger (I971) for ct-zoisite. Based on the assumption of stoichiometry all iron in both RE-free (clino)zoisites is present in the trivalent state. The RE content of the high-Fe type clinozoisite is rather high, although much lower than in allanite. Its chemical composition does not compare well with the rather restricted compositional range ofallanite (Hasegawa, t96o ) . Hence, this type is named allanitic clinozoisite to account for the RE content in combination with the presence of substantial amounts of divalent iron and for the low Fe3+/ (Fe 3+ + A1) ratio with respect to the clinozoisiteepidote series.
Fourteen grains of hibonite were analysed; average weight percentages, compositional range, and average cation numbers (on the basis of a cation total= I3, and O= t9) are presented in Table II (Curien et al., 1956) , and Siberia (Yakovlevskaya, 1961) 
Taking into account the valency difference between
Th and RE the generalized hibonite formula (2) may be applied to this analysis. Further complications will arise if the reliability of the analyses is questioned, the ratio CaO: 6A120 3 varies within certain limits, or if a multi-site exchange between (Fe E +,Mg) and Ca, and between RE (or other large-sized ions such as Th) and (A1,Fe 3+) is considered possible. These factors probably apply to compositional data (based on O = I9) of the Siberia and some meteoritic hibonites. The analyses of hibonite from Gornaya Shoriya, formerly described as h6gbomite (Kuzmin, I96O) , will not be taken into consideration because of the first-mentioned factor. An analysis of the same hibonite given by Yakovlevskaya (196I) , see Table II , shows an excess of Ca which will be further enhanced if contents of RE and/or other large-sized ions are added to the Ca site. These elements were not analysed, but should be present in view of the reported similar unit-cell dimensions (Table IV ). An excess of Ca is also frequently reported for meteoritic hibonite (Keil and Fuchs, I97I ; Macdougall, i979). Range in total Fe, calculated as FeO, is 9.2 1o.8 wt% with an average value of 9.7 wt %. Curien et al. (I956) give RE-oxide totals. w Curien et al. (I956) X-ray data. X-ray powder diffraction data were obtained using a Straumanis-type ii4.57 mm Debye-Scherrer camera (Mn-filtered Fe-K, radiation). The mineral was powdered under the microscope with a tungsten carbide microdrill and taken into droplets of rubber solution, which considerably darkens the film in the region for d greater than 3/~-Some lines of WC were present on the films because the hardness of hibonite is about 8 89 The pattern (Table III) is identical to the hibonite patterns published by Keil and Fuchs (197 0. The hexagonal unit-cell constants (obtained from a least-squares analysis of twelve reflections) are comparable to those of the other terrestrial occurrences, but differ from meteoritic hibonite ( Table IV) . The higher c-values in terrestrial hibonites can be explained by substitution of Ca by larger-sized ions, such as RE or Th, in these hibonites. Petrology. The main mineral constituents of the calc-silicate rock are grossular, anorthite, and (clino)zoisite. The presence of spinel and hibonite and the absence of quartz indicate the silicadeficient character of the assemblage. The following reaction equation may be written for the phases present in the assemblage: 6 anorthite + 2 grossular + corundum + 3 H20 ~ 6 zoisite. The equilibrium pressure-temperature curve pertinent to this reaction is well documented (Newton, 1965; Boettcher, 197o; Perkins et al., t 979 )-Newton (I965) used natural zoisite, anorthite, and grossular as starting materials for his hydrothermal experiments with, respectively, 1.5o wt~o Fe203, 0.24 wt ~o Na20, and 1.7o wt ~o (FeO + Fe203) as major impurities. The electron-microprobe analyses of low-Fe zoisite and anorthite in specimen C-76 approach the compositions of the minerals used in these experiments. The composition of the analysed garnet deviates considerably from the nearly pure grossular in containing about 2o mole ~ almandine. It may be argued, however, that this rather high almandine content will not significantly change the position of the equilibrium PT-curve as indicated by Huckenholz et al. (I975) , who state that the stability fields of almandine and grossular correspond closely over a pressure range of 2 to 6 kb with a difference in temperature of less than 3o ~ A further complication concerns the unknown ratio of PH:o/Ptotal. LOW partial pressures of water are indicated by the abundance of high-density carbonic fluid inclusions in the surrounding rocks. Lowering of PH20 relative to Ptotal will extend the stability field of the grossular-anorthite assemblage. Holdaway (1966) experimentally determined the PT-curve for the zoisite+quartz breakdown reaction under conditions of PH2O = Ptotal, and calculated the influence of a reduction of PH2O to O.5 and o.25 PtotaV The influence of PH~O upon the position of the zoisite breakdown reaction in the silica-deficient system under investigation is less well known, but it seems reasonable to use equal shifts of the PT-curve to those calculated by Holdaway (I966) 
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